What Does the Literature Say about the Causal Effects of Innovation on Productivity?
For several years, policy makers and researchers have emphasized the role of factor accumulation as a way to foster economic progress. However, after the last two decades of empirical research on economic growth, economists have concluded that total factor productivity (TFP)--a measure of improvements in efficiency and technological progress--explains the bulk of cross-country differences in both the level and growth rate of per capita GDP (Easterly and Levine, 2001 ). Since then, several empirical attempts have been conducted to identify the sources of productivity growth at the firm level. Within this literature, exploring the causal links between innovation and productivity has become a key priority for both policy makers and academics, as innovation can affect firm-level productivity through several channels. For example, process innovation increases efficiency in the use of intermediate inputs and factors of production; product innovation creates learning-by-doing effects that make firms more competitive; while organizational innovation encourages the reallocation of inputs and factors of production across activities within firms, enhancing production efficiency.
Recently, two well-known surveys conducted by Hall (2011) and Mohnen and Hall (2013) provide a comprehensive overview of the channels and effects of innovation on firm-level productivity. Their surveys pay special attention to the results of papers that have been trying to address the causality and endogeneity problems of innovation inputs and outputs in a convincing way. Therefore, their reviews focus mainly on papers that have been using the Crepon, Duguet, and Mairesse (1988) (CDM) model. Two different empirical strategies have been employed in the literature when estimating this model. One approach uses Asymptotic-Least-Squares, which embodies the joint estimation of the main equations of the model. The other approach estimates a sequential model, where predicted values of endogenous variables in the first stage are included in the estimation of the second-and third-stage equations. A main conclusion from and Musolesi and Huiban (2010) , who compare the results from both methods, is that there are not significant differences in the impact of innovation on productivity as long as endogeneity and selection are properly treated.
The literature has used continuous and dichotomous innovation variables to estimate their effects on productivity. According to Mohnen and Hall (2013) , results from 12 papers, most of them from developed economies, suggest that the elasticity of firm-level productivity with respect to the intensity of product innovation--measured as the contribution in total sales of the new products developed in the last three years--is positive and in most of the cases statistically significant. Although results vary in terms of their quantitative impact, the most common value for the productivity elasticity to product innovation intensity is 0.25; suggesting that an increase of 10 percent in the latter variable raises productivity by 2.5 percent. Further, there seems to be heterogeneity of impact across different sectors, as Criscuolo' s (2009) findings show that the elasticity tends to be higher in manufacturing than in services sectors.
Two important regularities have been identified from the literature review, which relies mainly on the empirical evidence provided by developed countries: (i) product innovation tends to have a larger impact on firm-level productivity than process innovation, although there are methodological issues that can rationalize the lack of relevance or negative effect of process innovation on productivity, such as the fact that most of the productivity measures employed in the literature are calculated using firm revenues, which do not capture the positive cost-saving and induced price-reduction effects of process innovation on firm performance; (ii) innovation effects related to "product and process innovations" or "technological and nontechnological innovations" tend to vanish when the contributions of different types of innovations to firm productivity are jointly estimated, suggesting the potential presence of complementarities between both types of innovations.
The conclusions presented above summarize the findings of papers reviewed by Mohnen and Hall (2013) , who have divided them in three groups: (i) those that only consider process innovation measured through a dichotomous variable; (ii) those that include product and process innovation together in the same equation; and (iii) those that distinguish between technological and non-technological innovations. Most of the papers in the first group, which includes Huergo and Jaumandreu (2004) , Van Leeuwen and Klomp (2006) and Criscuolo (2009) , find that process innovation is either negatively correlated with productivity or not statistically significant. Papers in the second group, which involves the contributions by Mairesse et al. 2005 , Parisi et al. 2006 , Duguet 2006 , Griffith et al. 2006 , Chudnovsky et al. 2006 , Roper et al. 2008 , Mairesse and Robin 2008 , find that product and process innovation are statistically significant to explain productivity gains at the firm level only when they are included separately, but often their effects vanish if their contributions are jointly estimated. There are some cases, however, where product innovation is still relevant after controlling for process innovation (Griffith et al. 2006, Mairesse and Robin 2008) . The third set of papers, Loof and Heshmati 2006 , Masso and Vahter 2008 , Raffo et al. 2008 , Musolesi and Huiban 2010 , and Siedschlag et al. 2010 , find that technological and non-technological innovation are important determinants of productivity if their effects are separately estimated. But similar findings to the second group are observed when both coefficients are jointly estimated, giving some signs of the presence of collinearity effects due to the potential existence of complementarities between both types of innovations.
Challenges in Measuring Innovation
Innovation requires the transformation of knowledge capital or innovation inputs, both tangible and intangible-such as training, equipment, R&D or intellectual property acquisitions-into innovation outcomes and outputs, for instance, the introduction of new products, improved quality, new production processes, or organizational changes (See Boxes 1 and 2). Firms invest in these knowledge capital inputs in order to increase their capabilities and produce innovative outcomes. As well as requiring tangible assets such as technology, equipment, and the physical production facilities, innovation needs intangible assets such as human capital, scientific and creative capital, and organizational capital. In turn, these inputs require specific innovation activities. Firms invest in training in order to increase the available human capital. In addition, firms invest in R&D, software, and digitalization or copyrights, patents and licenses in order to increase their scientific or innovative capital. Finally, innovation also requires organizational capital through investments in marketing and branding, adoption of new business models, design and prototyping, or corporate alliances and networks.
As illustrated in Figure 1 , the combination of these inputs yields innovation outputs in the form of new or improved products and services, production and delivery processes, business organization, and patented intellectual property. However, achieving the outcomes is heavily dependent on the ability of the firm in question, on the specific sector and country context, and on the enabling environment and policy framework in place. To measure innovation, one can focus on both measuring inputs and innovation activities and/or on innovation outputs. A challenge, however, when measuring innovation outcomes is the subjective nature of many of the questions used in the surveys. The Oslo manual 3 rd edition (OECD/EUROSTAT (2005)), which is the main reference for these types of surveys, defines innovation as "…..the implementation of a new or significantly improved product (good or service), or process, a new marketing method, or a new organizational method in business practices, workplace organization or external relations." Most surveys use this definition to identify innovations by directly asking firm managers and owners whether they have implemented "new" or "significant" changes or improvements in the last three years. 2 This is problematic since "significant" improvement is a highly subjective term and is also self-reported.
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In general, any sound analysis of innovation activity should combine a focus on both knowledge capital inputs and innovation outputs. Although the innovation module of the Enterprise Survey does not provide information on all relevant intangible assets, it provides information on various sources of knowledge capital and innovation outputs as shown in Boxes 1 and 2.
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The ES uses the following introduction to the questionnaire: "I would like to start by asking you some questions about any new or significantly improved product or service introduced by this establishment, where "new" means new to the establishment and not necessarily new to the market." Box 1. Innovation Activities in the Enterprise Survey Innovation or knowledge inputs are activities that are associated with the development of innovation at the firm level. They are grouped into 5 categories: i. Research and development The firms were surveyed on the source of R&D (internal vs external) as well as expenditure. ii. Capacity building
The firms reported on the training provided as a result of new innovations introduced as well as expenditure. iii. Purchase/licensing of inventions or other knowledge forms
The firms reported on the expenditure on the purchase of inventions or intellectual property that helped them come up with innovations. iv. Acquisition of business intelligence
The interviewed firms reported on what were the key sources of information and ideas for their innovative activities. v. Intellectual property On this, firms reported on whether they applied for patents, utility models, trademarks, copyright design or registered an industrial design.
Box 2. Innovation Outputs from the Enterprise Survey Similar to the innovation surveys based on the Oslo Manual, the innovation module of the Enterprise Survey measures the following types of outcomes: i.
Product innovations ii.
Process innovations iii.
Organizational innovations iv.
Marketing innovations
Product innovations are essentially new, redesigned, or substantially improved goods or services. In the context of the survey, there are 3 metrics used: a. New products to the firm, b. Significantly improved products, c. New products to the market.
Process innovation is the implementation of new or significantly improved production or delivery methods (including significant changes in techniques, equipment, and/or software). Minor changes or improvements, an increase in production or service capabilities through the addition of manufacturing or logistical systems which are very similar to those already in use, ceasing to use a process, simple capital replacement or extension, changes resulting purely from changes in factor prices, customization, regular seasonal and other cyclical changes, trading of new or significantly improved products are not considered to be innovations.1 Specifically: a. Innovation methods for manufacturing products or offering services, b. Innovative logistics, delivery, or distribution methods for inputs, products, or services, c. Innovative supporting activity for processes, such as maintenance systems or operations for purchasing, accounting, or computing. Organizational innovation means the implementation of a new organizational method in business practices, workplace organization, or external relations. The kind of innovation is grouped into structural innovations which is meant to impact responsibilities, accountability, command lines, and information flows, as well as the number of hierarchical levels, the divisional structure of functions (research and development, production, human resources, financing, etc.) or the separation between line and support functions, and procedural innovations, which consists of changes to routines, processes, and operations of a company. Thus, these innovations change or implement new procedures and processes within the company, such as simultaneous engineering or zero buffer rules. Marketing innovation is a change made to incorporate the advances in marketing science, technology or engineering to increase the effectiveness and efficiency of marketing, to gain competitive advantage.
In order to examine the innovative behavior of firms in the South Asia region, we use the World Bank Enterprise Survey and its specific innovation module implemented in the region during the 2014 and 2015 years. The survey, which compiles data from face-to-face interviews, uses a stratified sampling method where firms are stratified by industry, size, and location. Firm-size levels are 5-19 (small), 20-99 (medium), and 100+ employees (large-sized firms). Since in the South Asia region most firms are small and mediumsized, the Enterprise Survey oversamples large firms. Overall, the data set has around 5,500 observations unevenly distributed between the four South Asian countries. For instance, the number of firms surveyed in India surpasses what was surveyed in the other three countries jointly (see Table 1 ). Regarding the sector composition of the sample, more than 4,000 firms belong to the manufacturing sectors, while only 1,266 firms operate in services. The survey targeted formal firms only and excludes micro firms, although few firms in the survey are de facto micro as they had fewer than 5 employees. The innovation survey differentiates between two types of technological innovations (product and process) and two types of non-technological innovations (organization and marketing). However, since the survey relies on subjective interpretations of innovative activities, there is significant confusion when identifying the different types of innovation. For example, new marketing processes, like discounts, new packaging or new client segments, are sometimes misconstrued with process or product innovations. The fact that interviewees provide a recorded description of product and process innovations allows the user to verify the identified innovations and reclassify wrongly attributed cases to their respective category or invalidate cases that do not constitute an innovation at all. This exercise has been conducted by Cirera and Sabetti. 2019 , who provided "clean innovation data" (see Appendix for methodological description). For the overall sample of South Asia firms, the cleaning exercise conducted by the authors has decreased both product innovation -from 53% to 51% -and process innovation rates from 64% to 58%. Although the cleaning exercise reduced innovation rates for most countries, Nepal is an exception where product innovation increased from 10% to 12% as the result of reclassification from process innovations.
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Investments in Knowledge Capital
R&D investments are one of the main drivers of long-term economic growth. The accumulation of capital, whether in the form of physical assets such as plants and equipment or through better human capital, cannot indefinitely sustain growth unless new R&D investments are made with the purpose of creating new products, services, processes and/or developing and implementing new business models or organizational reforms (Solow, 1957) . Increasing R&D investments is an important priority for advanced countries, but it also has an important role to play in developing countries and emerging economies.
Catching-up with the countries at the technology frontier requires not only imitating what they have done, but also adapting it to the particular country circumstances. R&D investment is also required to address some of the specific, yet very important, challenges that developing countries face. And very often developing countries, free from the constraints of existing systems and infrastructure, can skip existing technologies and develop new radical innovations (as leapfrogging examples from Kenya's M-Pesa mobile banking to India's frugal innovation methods demonstrate) (Bravo-Biosca et. al., 2014) . Further, firms in sectors with high intensity of R&D spending, referred to as high-tech sectors, are often catalysts of large economic gains.
However, due to the existence of positive externalities firms tend to invest in R&D less than the socially optimal level. R&D is an input of the innovation process and R&D activities can frequently generate spillovers since inventors rarely can fully appropriate the returns that their innovation activity generates. Inventors can use intellectual property, secrecy or first-mover advantage among other strategies to capture the returns from their innovation activities. However, this cannot prevent other firms learning from both an inventor's success but also failures (which can also provide valuable lessons), and replicate, fully or partially, some of her successes, whether launching similar products or services, or adopting similar processes or business models. As a result of these spillovers, the social return to investments in R&D is higher than the private return, and markets invest less in R&D than socially optimal. This market failure is a common rationale for several innovation policy interventions, such as R&D tax credits and grants, which aim to close the wedge between social and private returns to R&D by increasing the latter.
Evidence about R&D underinvestment has been documented by Bloom, Schankerman, and Van Reenen (2005) , who find, using a sample of U.S. firms, that public benefits of firms engaging in R&D were roughly twice as high as private benefits. R&D also plays a key role in helping countries to catch-up to the technological frontier, with evidence suggesting that the returns to R&D are greater for countries that are far from it (Griffith et al., 2004) . Although empirical evidence shows that poor countries display the lowest rates of R&D investment despite their potential for large gains. This fact is partially explained by the presence of countervailing effects related to the scarceness of complementary factors (Goni and Maloney, 2014) .
In the context of developing countries, therefore, the focus on innovation inputs should be put in knowledge activities more broadly defined, as firm learning and investments in knowledge are also important drivers of innovation. Ideas that generate innovation are not costless and information used to produce those ideas, even if freely available, requires some type of investment or capability on the part of the user in order to fully expropriate its benefits. For example, Cohen and Levinthal (1989) describe internal R&D efforts of firms as a dual process of creating new knowledge, but also enhancing their ability to assimilate and exploit external knowledge, i.e., absorptive capacity.
In this subsection, we focus on describing the nature of knowledge investments in our sample. The subjective nature of the questions regarding innovation outcomes, as well as their self-reported nature, emphasizes the need to also look at other knowledge activities beyond investments in R&D. Thus, we will start our discussion by focusing on R&D, both intramural -done inside the firm -and extramuraloutsourced outside the firm -and then we will explore other activities such as training, acquisition of equipment and licenses.
Knowledge capital intensity
R&D activity tends to be highly concentrated in several countries, indicating that only a small share of firms conducts the bulk of aggregate R&D. One country that stands out is India, where the incidence of R&D is the highest in the region, and the concentration rate is low, implying that even though the average intensity of R&D -R&D expenditure in dollars for a given year for those firms that carry out R&D -is low compared to the average of the ECA region, many firms are investing in R&D. Innovation leaders (e.g., Bangladesh and India) present a larger percentage of firms conducting R&D than the average of the ECA and Africa regions, while laggards display a lower percentage. The same regional ranking applies for R&D expenditures per employee, although the region presents a poor performance compared to the standards of the ECA region. Although the distribution of R&D intensity is biased to the left for most types of firms, the top of the distribution indicates larger values for large, mature, foreign-owned, and trader firms. Intramural R&D is the main source of R&D for all the South Asian countries. Investments in equipment appear as the most important investment in knowledge capital (except for Pakistan). Leaders do more training than laggards, with nearly half of Indian firms providing training to their workers and spending an amount per employee that doubles that of the laggard group. However, all countries in the region have spent less money on training per worker than on R&D. Few firms in the SAR acquired new licenses.
The pattern of R&D is very heterogeneous when considering firm characteristics, both within and across country groups (Table 3 ). In India, small, non-exporters, national and very young firms are more R&D intensive, while in Bangladesh, the pattern is slightly different, with large, exporters, foreign and old firms as more R&D intensive. These findings were statistically significant. 
Innovation Patterns
We start the analysis of innovation patterns by distinguishing innovations into two types: (i) technological innovations, which involve product and process inventions, and (ii) non-technological innovations, which involve organizational and marketing inventions.
Overall Pattern
Countries in the South Asia region can be divided into two groups: leaders, i.e., Bangladesh and India, and laggards, i.e., Nepal and Pakistan, according to technological innovations (Table 4) . On the one hand, we find Bangladesh and India, as strong innovators, with innovation rates around roughly 80 percent, respectively, showing a performance that surpasses the average of the ECA and Africa regions. On the other hand, we find Pakistan and Nepal, with innovation rates of 14.8 percent and 21.2 percent, respectively, displaying a performance below the average of the ECA and Africa regions. (2014) Further, the composition of the innovation portfolio highlights another difference between both country groups. While process innovation is more important in Bangladesh and India, product innovation is more important in Nepal and Pakistan. However, there is convergence in the pattern of non-technological 12 innovations, as all the countries display high rates of marketing innovations compared to organizational innovations.
Who Are the Innovators? Identifying Innovation Patterns across Different Types of Firms
Although the characteristics of the innovation process and the main binding constrains are often the same for all types of firms, the ability to overcome the challenges and constraints linked to innovation usually varies with firm attributes and performance. For example, the idea that innovation is difficult to finance in a freely competitive marketplace has a long academic history dating back to the classic articles of Nelson (1959) and Arrow (1962) . In particular, two characteristics of innovation make financing more difficult: (i) innovation produces an intangible asset and (ii) the returns to innovation investment are highly uncertain (see Hall and Lerner (2009) and Kerr and Nanda (2014) for a review). There are also financial market reasons for innovation underinvestment that exist even when externality-induced underinvestment is absent. These reasons are related to informational asymmetries (e.g., adverse selection and moral hazard problems), which create a gap between the private innovation rate of return and the cost of capital when the innovation investor and financier are different entities.
Thus, access to innovation finance can be more difficult for young and small firms, as informational asymmetries are typically a more relevant problem for start-ups and SMEs than for large and wellestablished firms. Young firms are generally small and have very limited assets that can be used as collateral, while older firms with an existing portfolio of products and some assets face lower overall uncertainty (since the success of the firm is not necessarily linked to a single product launch) and, in addition, they typically have some assets that can be pledged as guarantee. Large established firms not only have a large asset base that can be used as collateral/guarantee, but they also have a broad portfolio of products and a diversified pipeline of innovation projects, as well as access to a wider range of sources of capital at a lower cost. Therefore, even if the outcome of their innovation projects is both uncertain and intangible, they have much less difficulty accessing finance than small firms.
Exporters and importers tend to be more innovative than domestic firms, although the causal relationship between "being and importer/exporter" and "being an innovator" can go in both directions. This happens because access to international markets can affect the incentives to innovate, but vertical innovations e.g., process or quality upgrading can also facilitate access to the world trade system by reducing the minimum idiosyncratic level of productivity/efficiency required for a firm to cover the fixed costs of exporting, while product innovation allows a firm to increase the range of products supplied in foreign markets.
Access to international markets either through exporting activities or the acquisition of intermediate or final goods contributes to the absorption of international knowledge and the diffusion of cutting-edge ideas, which helps product innovation (Lileeva and Trefler, 2010) . Access to cheaper intermediate inputs allows within-firm reallocation of resources to innovative activities, and the market share gains obtained in international markets through the reduction of production costs can help a firm to overcome the fixed cost of innovating. Further, reductions in tariffs raise the value of exporting firms and lower the value of nonexporting firms generating a reallocation of process innovation towards exporting firms (Atkeson and Burstein, 2010) . Finally, the increase in revenues produced by trade integration can induce exporters to upgrade their technology or introduce process innovations (Bustos, 2011; De Loecker 2007) .
Foreign-owned firms are usually more innovative than domestic firms for several reasons: (i) they are endowed with more financial and human resources to innovate, (ii) they often sell their products in several locations, which gives them the advantage of diluting the fixed cost of innovating across several markets (Brambilla, 2009 ), (iii) if related to institutional ownership, foreign-owned firms increase innovation incentives through reducing career risks (Aghion et al., 2013) , and (iv) they transfer knowledge to local workers or incentivize the reallocation of domestic skilled workers and talent to their firms.
Evidence for the South Asia Region
Differences across size-groups: A comparison of innovation patterns across different types of firms classified by size shows that in most of the cases, technological and non-technological innovation rates are higher for larger firms than for smaller ones, displaying a pattern that is consistent with other regions such as ECA and Africa (Table 4) . Using a student t test for equality of proportions between groups, 7 we find that these differences are statistically different across almost all types of innovation in India and Nepal. The test results also suggest that large firms have a statistically greater proportions for product and marketing innovation in Bangladesh and for organizational innovation in Pakistan. In addition, the gap of innovation rates across different size-groups varies significantly across countries. While there is a large proportion of small firms innovating relative to the proportion of medium-sized and large firms in India, the proportion of small firms innovating relative to large firms in Nepal is low.
Differences across age-groups: The evidence whether mature firms tend to be more innovative than young firms in terms of introducing technological inventions (Table 5 ) is mixed. In India, younger firms display higher rates of organizational innovation and marketing that are statistically different than mature firms. Differences across trader-status groups: Trader firms i.e., exporter, importer or both, tend to be more innovative in both dimensions (technological and non-technological) than non-trader firms (Table 6) , with relatively larger gaps between groups for process innovation. However, these differences are statistically different in few cases. Further, the proportion of innovative firms within the non-trader group in leading countries is larger than the proportion of innovative firms in laggard ones. The overall innovation dynamic of the region is consistent with what is the average behavior in other regions such as ECA and Africa. Differences across importer and exporter groups: In all the SAR region except in Pakistan, exporters are more innovative than importers in terms of creating new products; but importers and two-way traders are more innovative than exporters regarding process and organizational innovation (except for Nepal) (Table  7) . Further, in all the countries expect Pakistan, two-way traders introduce more marketing innovations than the rest of the groups. The innovation dynamic is different for the other two regions used for benchmarking. While the two-way trader group is the most innovative in ECA, no matter the type of innovation considered, this is true in Africa for process and organizational innovations. Indeed, importers are the most innovative group in terms of inventing new goods in Africa. Difference across ownership groups: In all the countries of the SAR region except in Pakistan, foreignowned firms are more innovative both in technological and non-technological terms. However, differences in the innovation rate of domestic and foreign firms are relatively minor in the case of India when we look at product and process innovation. While this pattern is similar to the observed in ECA; it is different to the one displayed in Africa, where domestic firms introduce more products than foreign-owned ones. These findings are statistically different for product and process innovation in Bangladesh, product and process innovation simultaneously in India, marketing in Nepal, and process innovation and marketing in Pakistan.
There is a mismatch between R&D investment behavior and differences in innovative behavior across types of firms and countries. For example, while in India small or domestic firms show more R&D intensity, they are not necessarily more innovative. This is likely to reflect the fact that as we will see below, a significant amount of innovation activity is imitation -innovation that is only new to the firm -and this may require some R&D but not large R&D intensity. 
Degree of Innovativeness or Novelty
Although innovation rates are relatively large for some countries in the region, this does not necessarily mean that the degree of innovativeness is high. Indeed, one pattern found for several developing countries is that a limited number of firms engage in disruptive innovative activities such as introducing new products to the country or even better new products to the world, while the majority of them conduct incremental innovations or pure imitation -either by upgrading the quality of existing goods or introducing new products to the firm (Cirera and Sabetti, 2019) .
When firms decide among alternative innovation choices, several factors affect this decision. The market structure is one important determinant. When product market differentiation is low and the degree of competition is high, the entrance of new firms in a market reduces incumbents' market shares by much more than in the case where products are imperfect substitutes like in the case of monopolistic or oligopolistic competition. As a result, firms escape competition by upgrading the quality of their existing goods. In other words, the marginal value of adding one extra unit of quality to an already supplied variety increases with the degree of product market competition (Cusolito, 2009 ).
Another determinant is access to credit. If breakthrough innovations are related to long-term investments, while incremental innovations are associated with short-term investments, then tight credit constraints can create a bias towards the latter. This is because lack of credit increases the probability that long-term investments will be interrupted by a liquidity shock. Ex-ante, the anticipation of this risk reduces firms' incentives to engage in long-term and disruptive innovative activities (Aghion et al., 2010) . Further, firm productivity is also relevant, as the increased revenues obtained through increased efficiency allows the more efficient firms to overcome the large fixed cost of introducing radical innovations or adopting highcost technologies. Additionally, multinational firms are more prone to introduce radical innovations than domestic firms or single-destination exporting firms, as they can dilute the fixed cost of innovating by supplying the same international new product in different countries (Brambilla, 2009 ).
Despite high average innovation rates in the region, there is little degree of novelty in innovation. This pattern is in line with the one observed in other regions such as ECA and Africa (Table 9 ). Bangladesh and India appear as the innovation leaders in SAR. However, most of their inventions are related to the imitation of existing products and/or processes and, therefore, the introduction of products and processes only new to the firm. At the other end, Nepal and Pakistan show very low innovation rates in general, including imitation activities. Firms in these two countries engage little in innovation activity. Therefore, while the more radical innovation behavior is low and similar across the four countries in the region, and also similar to the average in ECA and Africa, Bangladesh and India show very high imitation rates when compared to other countries within and outside the region, while Pakistan and Nepal show low innovation activity in general.
Quality upgrading or vertical innovations are the focus of firm-level innovation in South Asia. Firms in the region tend to innovate for upgrading the quality of their products; except for India, where horizontal innovations or the introduction of new products is slightly more frequent. This contrasts with other regions like ECA or Africa, where firms primarily innovate to create new goods. In all the SAR region except in Pakistan, process innovation is related to the introduction of a new method, followed by innovations in supporting activities (Table 10 ). However, a small proportion of processinnovating firms introduce an invention that is new to the market. Again, showing the low degree of innovativeness of SAR firms in terms of vertical innovations. The behavior of the region is similar to that of the ECA and Africa regions, although the percentage of firms introducing new processes to the market is more than triple that of the SAR region. Lack of innovativeness is also reflected in the small proportion of innovating firms introducing new innovation outputs such as patents (Table 11) , although regional innovation leaders present values above the average for the ECA and Africa regions. However, laggards are below international standards. Other innovation outputs such as trademarks or licensing are more important than patents for all the countries considered. R&D intensity is correlated with the novelty of innovation. Table 12 shows the average firm characteristic for each "novelty group": (i) non-innovators, (ii) imitators (new to the firm only), and (iii) radical innovators (new to the national or to the international market). There are two types of patterns across country groups. For leaders, radical innovators are younger, more middle or larger sized, exporters and national. For laggards, innovators tend to be relatively older, larger, non-exporters, and more likely foreign. Further, there seems to be a clear mapping from R&D intensity to more radical forms of innovation, in the sense that firms that have a higher level of R&D intensity tend to introduce more radical innovations. Third and more surprising is the fact that while innovators tend to have larger labor productivity than non-innovators, except for Nepal, there are no clear differences between more radical innovators and imitators.
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Composition of the innovation portfolio
Product innovations in the South Asia region are mainly related to quality upgrading and new functions, while a small percentage of them is associated with the introduction of cheaper products (except in Pakistan) (Table 13) . Indeed, more than 90 percent of the firms introducing new goods in Bangladesh, Nepal, and Pakistan increase the quality of their products. Innovations related to products that include different inputs, a new technology or design are relatively more important in countries such as Nepal and Pakistan. (2014) There is a lot of heterogeneity in the region in terms of the type of process innovation that firms conduct (Table 14) . For example, in Bangladesh, most of the innovations are related to the introduction of a more efficient technology or the adaptation of a new technology; while in India, they are geared to automate manual processes or adapt a new technology. Almost 100 percent of processes innovations in Nepal are related to the adaptation of a new technology, while in Pakistan, most of them focus on the introduction of a more efficient technology. Although there are several reasons why firms may decide to introduce new goods and processes, product innovations are usually conducted with three objectives: (i) extending the product portfolio, (ii) increasing the market share or introducing new markets, and (iii) escaping competition (Table 15) , while process innovation are aimed at: (i) increasing the quality of existing products, and (ii) increasing production speed and scale (Table 16 ). The pattern is in line with what has been observed in other regions such as Africa. 
Characteristics of the Innovation Process
In the South Asia region, most of the product and process innovations are in-house. However, process innovations are related to more collaboration than product innovations. External cooperation is in most of the cases linked to other firms, although cooperation with the private sector plays a more important role for process innovation than for product innovation (Figure 3 ). The primary sources of information for leaders are in-house or the private sector, while customers dominate in laggard countries (Figure 4) . This very high reliance on in-house innovation development -larger than in Africa and much larger than in the ECA region -significantly constrains the ability to increase the novelty of innovation either due to the lack of internal resources or the inability of exploiting synergies with the rest of the private sector or the scientific community. Reliance on internal capabilities only implies limited scope to introduce more novel products, and it is likely to influence the large imitation rates observed in India and Bangladesh. 
Innovation Patterns across Regions
It is widely recognized that innovation activity is spatially concentrated, and that R&D investments and innovations are more spatially concentrated than employment (see Carlino and Kerr, 2014 for an excellent empirical and theoretical review). In terms of outputs, the creation of new products is more spatially concentrated than the introduction of new patents (Acs et. al., 1994) ; while the origination of the latter tends to be concentrated in few and large cities (Forhnahl and Brenner, 2009; Bairoch, 1988, respectively) . Theories explaining concentration of R&D and innovation activities allude to agglomeration advantages in three dimensions: (i) sharing of common specialized inputs and factors of production, (ii) improvement of the quality of the matching process between specialized inputs or factors of production and innovating firms, and (iii) presence of externalities such as knowledge spillovers that facilitate the flow of tacit knowledge and new ideas.
Why is innovation spatially concentrated? "Sharing" theories highlight the importance of thick local factor or input markets that allow innovating firms which are spatially concentrated in a particular location to have access and share specialized workers or inputs that are essential for innovative activities (Porter, 1990 ); reducing at the same time production costs (Porter, 1998) . "Matching theories" rely on the argument that agglomeration is associated with thicker markets; which in turn, increases opportunities for specialized workers, reduces their waiting costs of finding the best partner, and raises the likelihood of assortative matching with positive effects in terms of innovation success. "Knowledge-spillover theories" rely on the characteristics of knowledge as a public good, that is non-rivalry and non-excludable, to emphasize the benefits of agglomeration in terms of facilitating the flow of new ideas, which are an important input for innovation.
A comparison of innovation rates by region shows a lot of variation in innovation patterns across different areas within a particular SAR country (Table 17 In all the SAR, large cities with more than 1 million population display a larger proportion of firms introducing new products than smaller cities (Table 18) . A similar pattern is observed for process and organizational innovation except in India and Nepal. The innovation map in terms of product and organizational innovation is different from that observed in ECA, where innovation rates are higher in small cities. This contrasts the innovation picture portrayed in Africa, which presents similarities to the South Asia region. Source: Author's elaboration from Enterprise Survey (2014) In line with the behavior observed in the ECA and Africa regions, all countries of the South Asia region except Bangladesh display higher product innovation rates in main business cities compared to other cities (Table 19) . By contrast, all countries except Pakistan show higher process innovation rates in other cities. Organizational innovation predominates in main business cities following international patterns. (2014) Innovation activity in South Asia appears to be geographically concentrated only when considering the novelty of innovation. To explore the impact of agglomeration and following the literature, Table 20 compares employment shares across provinces with innovation activities shares and their concentration measured with the Herfindahl index. Larger concentration of innovation activities in relation to employment implies that there may be some agglomeration effects of innovation activity, as suggested in the literature. In general, however, the table shows that innovation activities tend to be less concentrated than employment, except in Pakistan, and more concentrated when considering higher degrees of innovation novelty, such as new to the national or international markets. Thus, the evidence suggests that agglomeration may matter mostly for more radical innovation rather than for imitation. (2014) 6. Exploring the Causal Links Between Innovation and Productivity As Paul Krugman famously claimed, "Productivity isn't everything, but in the long run it is almost everything. A country's ability to improve its standard of living over time depends almost entirely on its ability to raise its output per worker." (Krugman, 1994) . Although several studies have been conducted to explore the links between innovation and productivity, most of the evidence available relies on the findings for developed countries, with little evidence for developing economies. It is therefore the objective of this section to fill this gap by focusing the analysis on the South Asia region.
1 Methodology
In order to examine the empirical relationship between innovation and productivity, we follow a conceptual framework based on Figure 1 , which forms the basis of the CDM model. The framework holds that firms invest in knowledge inputs that can be transformed into innovation outputs according to an innovation function. At a later stage, these innovation results impact on firm-level productivity, contingent on the capacity of firms to transform innovation outputs into improvements in product quality and efficiency.
As a result, the CDM model requires the estimation of three main components: (i) the knowledge function, which involves estimating the R&D and ICT functions, (ii) the innovation equation, and (iii) the productivity equation. When estimating these components, there are two critical choices to be made. The first is to define the scope of the knowledge inputs and innovation outputs to be included in the analysis. This is often related to the availability of data in the innovation surveys. In most of the CDM applications, data are restricted to the use of R&D for knowledge activities; for innovation outputs, either product and process innovation dummies, or the number of patents and the revenue associated to new products are used. Regarding innovation outputs, we focus on technological innovations -either product or process innovations -and look at revenue originated from product innovations, since patenting activity in the South Asian countries is minimal.
The second choice when examining these three innovation components relates to how the model is solved to produce economic estimates that can be interpreted in a causal way. A parameter of a model is causal, or structural, sometimes referred to as a deep parameter, when it untangles cause from effect, and is derived from a theoretical model where the directions governing the laws of motion are straight forward (Heckman, 2000) . In contrast, in a reduced form setting, cause and effect are confounded in the presence of unobserved factors. Decisions regarding knowledge inputs and innovation outcomes can be made simultaneously and there can be feedback effects, especially between innovation outcomes and productivity in the sense that more productive firms may have an advantage to develop new products and/or processes (such feedbacks would be accounted for by including lagged terms in the other respective equation).
The endogeneity of R&D and innovation arises with the innovation and productivity equations, respectively. Dealing with endogeneity is crucial, as the significance of the effects of innovation on productivity tends to fall and lose statistical significance. To a large degree, the endogeneity in our context is likely driven by an error in variable measurement, more than a simultaneity problem, given the inherent subjective nature of the survey questions on innovation. As a result, the correlation between innovation rates and returns may typically not be suggestive of any impact. In contrast, the structural estimates address the error in variable and simultaneity issues by exploiting variation in innovation outcomes driven by exclusion restrictions or variables that are not related to productivity.
The approach in this paper is closer to the original CDM approach and uses the cmp STATA command, a Generalized Structural Equation Model (GSEM) in line with previous work by Skrondal and Rabe-Hesketh (2004) . An advantage of this approach is that more information is exploited when solving the model by maximum likelihood where distributions for the random part of the model are postulated.
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Our model is a recursive system of four blocks of equations, where each endogenous variable is determined sequentially, and can be consistently estimated by the full information maximum likelihood (FIML) SUR framework, when instrumental variables appear in the earlier equations with endogenous dependent variables. Roodman (2011) shows that the FIML SUR estimator can consistently estimate the parameters of endogenous variables, such as innovation outcomes or R&D, in mixed-process simultaneous systems that can be expressed as recursive and the endogenous variables appear on the right-hand side.
In the model, firms first decide the intensity of input choices -R&D and ICT. These input choices along with other factors feed into different types of innovation outcomes (product and/or process, or innovation sales). Finally, innovation drives productivity performance at the firm level, accounting for controls. Given the heterogeneity of innovation behavior across the countries in the region, we estimate the model country by country.
Variables and definitions
One important caveat when interpreting the model is related to the type of productivity measure that we are using for the analysis, and its implications for the interpretation of the results. The measure of productivity used is not strictly and exclusively related to firm efficient but to overall firm performance. Recent literature on productivity highlights the need of considering physical total factor productivity (TFP) and/or physical labor productivity as the true measures of firm-efficiency. However, measuring these variables is challenging because it requires to disentangle technical efficiency from other supply-and demand-side factors that affect firm sales--a variable commonly used as the numerator to calculate firm-level productivity. On the supply-side, these factors include adjustment costs and factor price distortions, which affect marginal production costs and, therefore, final product prices. On the demand-side, these factors involve mark-ups, quality upgrading, product price distortions, and changes in the product mix, which affect product prices, as suggested in the work by De Loecker (2007 ), Foster et al., (2008 ), Hsieh and Klenow, (2009 ), and Bernard et al. (2010 .
If disaggregated data on product prices are available at the plant/firm-level, then the best measures to capture labor productivity are (i) deflated sales (output) per worker or value-added per worker and/or (ii) deflated sales (output) per hour worked or value-added per hour worked; and the best measure to capture TFP is "physical TFP", defined as the deflated value of sales (output) net of the contribution of labor and capital (it could also exclude the contribution of materials). But lack of data on prices and factors of production implies that our measure of productivity "sales per worker" should be considered not strictly related to firm efficiency but to overall firm performance. Table 21 shows the definition of the variables used in the analysis. We follow Crepon et al. (1999) and Griffith et al. (2005) in selecting the main explanatory factors of the model. However, it is important to emphasize that in order to estimate and achieve convergence in the model and compare the results for the four countries we use a more parsimonious specification. 
Estimating the first stage
To understand the determinants of knowledge inputs adoption -both R&D and ICT adoption -we focus on three sets of variables. First, we examine the role of firm characteristics, for instance, size, age, and financial constrains-measured through the share of internal sources of funding on total funds used to finance working capital-because although the main constrains for R&D and ICT adoption are often the same for different types of firms, their ability to overcome those barriers can vary significantly depending on their characteristics. Second, we look at market conditions and market structure because these factors shape firms' incentives to acquire knowledge inputs in order to innovate. Evidence about the relevance of market structure, more precisely, the degree of product market competition, on innovation has been mixed. However, there is theoretical and empirical consensus that market structure is relevant to explain innovation incentives, and that the degree of product market competition can play an important role in affecting both the magnitude and the composition of innovative activities. While early empirical evidence provided by Porter (1990) , Geroski (1990) , Baily and Gersbach (1995), Nickell (1996) , and Blundell, Griffith and Van Reenen (1995) support the view that competitive pressures encourage innovation, more recent evidence offered by Aghion, Bloom, Blundell, Griffith, and Howitt (2005) shows that the relation is inverted Ushaped. In terms of composition, Cusolito (2009) shows that competition induces firms to specialize vertically by upgrading the quality of existing goods.
Thus, to account for those effects, we include the following variables in our specification: (i) whether competition from informal firms-is an obstacle for the firm, (ii) if the sector in which the firm-operates has a duopoly structure according to-firm's perception, and (iii) the extent of integration into international markets through trade. Third, we look at technological factors such as (i) whether the firm upgraded recently some of the working capital, and (ii) whether the firm has a license to use foreign technology, as these variables can make investments in knowledge capital more attractive.
Estimating the second stage
To estimate the likelihood of being successful in the innovation process, we use a similar set of independent variables to the ones used in the first stage. However, we exclude technological enablers as they are not independently relevant to explain innovation outcomes -and we add three new critical variables -that affect the likelihood of being successful in the innovation process. First, with the objective of accounting for the effect of complementary factors, we add the extent to which firms perceive inadequately educated workforce as an obstacle to their performance-. Second, in order to account for the impact of positive externalities coming from agglomeration and knowledge spillover effects, -we include a variable that captures urban agglomeration in main business areas, and another variable that captures the density of other innovators in the same region and sector, respectively. Third, we use R&D investments as a determinant of innovation outcomes.
Estimating the third stage
In order to estimate the productivity equation, we assume a Cobb-Douglas production function, and we allow the empirical model to determine the type of factor returns i.e., increasing, constant, or decreasing. This explains why the estimated specification includes not only capital intensity i.e., K/L but also labor as a free-standing variable. Further, we include two different types of innovation variables: (i) a dummy that takes value 1 if the firm conducted product and/or process innovation, and 0 otherwise, and (ii) the percentage of increase in sales experienced by the firm in the last three years due to product innovation. In order to explore the existence of heterogeneous effects across different types of innovations: (i) imitation, (ii) radical-national, and (iii) radical-international, we include interaction effects with two variables. The first variable takes value 1 if the innovation is new to the national market and 0 otherwise, while the second variable takes value 1 if the innovation is new to the international market and 0 otherwise.
Summarizing, the estimated model has three stages and four equations that are estimated simultaneously. The first stage estimates a model for the determinants of ICT adoption -internet, computer and software-and a Probit model for the probability of conducting R&D. The ICT index is a synthetic index constructed as an average of two sub-indices, ICT computer and software and ICT internet use. These are averages of normalized variables indicating the intensity of each type of ICT, like the percentage of workers using computers regularly or internet users.
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In the second stage, we estimate an innovation outcomes equation using the first-stage estimated knowledge inputs and additional controls. Finally, in the last stage, weassume a Cobb-Douglas production function and we estimate sales per worker assuming an augmented version of the production function that accounts for the effects of innovation outcomes as inputs. In what follows we show the main results from the simultaneous estimation. Regarding knowledge inputs, we focus on the R&D results, the key input for innovation.
Explaining the adoption of knowledge activities in South Asia
The most important determinant of R&D adoption for all countries in the South Asia region is firm size, indicating that larger firms are more likely to engage in R&D activities than smaller companies (Table 22 ). Having a license that allows a firm to use a foreign technology is an important push factor to adopt R&D in all countries but Bangladesh. Exporters in India and older firms in Pakistan are also more likely to engage in R&D activities than non-exporters and young firms, respectively. Further, financial constrains appear as an important determinant affecting negatively investments in R&D activities for all countries except Bangladesh.
Further, market structure affects R&D efforts only through informal sector competition. The negative coefficient associated with this variable shows that competition from informal firms acts as a deterrent of R&D activities in India. Models explaining the negative relationship between competition and R&D efforts at the firm-level show that laggard firms are the ones who stop investing in R&D when they are far from the technological frontier. However, this explanation does not seem to rationalize the negative coefficient in India, where formal firms are probably the leaders and informal firms the laggards. The negative effect may be capturing, however, imitation effects coming from informal companies. The other variable related to market structure, whether the firm competes in a monopolistic or oligopolistic market, does not appear as a significant determinant of R&D investments. This result can be rationalized by the fact that less than 9 percent of the firms in the sample compete in an oligopolistic or monopolistic market.
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For computer use, we use four variables; two indicator variables and two continuous variables (percentage of workers using a computer regularly and total cost spent on ICT consultants). Given the potential for large sector differences in these continuous variables, we re-scale the values as the ratio to the sector mean and then we normalize them by subtracting the sample mean and divide them by the standard deviation. Regarding internet use, we use seven indicators: two for communication (whether a firm uses internet for internal or external communication); two for ecommerce (buying or selling online) and three for information (management of inventory online; marketing online; and research online). In order to construct our internet index, we initially standard normalize all these dummies. 
Innovation determinants in South Asia
There is large heterogeneity regarding the factors affecting the success of introducing technological innovations -either product and/or process innovations-across countries in the South Asia region. Indeed, no variable considered as an innovation determinant, except R&D, is statistically significant across all countries. Table 23 shows the results of estimating the second stage. Odd columns show the estimates for the Probit specification (e.g., discrete dependent variable), while even columns display the results for the turnover associated with product innovation (e.g., continuous dependent variable or innovation intensity).
R&D is an important determinant of the intensity of innovation, but not of the probability of adopting a technological innovation. Regarding the main variables of interest, knowledge inputs, R&D plays a critical role on the intensity of innovation. However, a more puzzling result is the fact that R&D adoption appears to be negatively correlated with technological innovation in Bangladesh and India. This may be explained by the very large amount of imitation observed in the sample and the fact that R&D efforts may not be needed in case of very incremental innovation.
ICT appear as an enabler of innovation in India and Nepal. The impact of ICT is only important for innovation intensity in India and the adoption of technological innovations in Nepal, but not is the cases of Pakistan and Bangladesh. Therefore, we find some evidence that at least in two of the four countries ICT use -computer, software and internet -play a role as an innovation enabler in a similar way to the evidence found for some European countries (Polder et al., 2014) .
Findings associated with firm characteristics show that larger firms are more likely to introduce technological innovations in India and Pakistan and less likely in Nepal; while firm size does not appear to explain gains in sales due to product innovation, with the exception of India, where larger firms surprisingly display a poorer performance than smaller firms. Further, younger firms in Pakistan are more likely of being successful in introducing technological innovations than older firms, but the reverse effect is observed in Nepal. Integration into the international trading system affects firms in opposite directions. While the effect is positive in India and Pakistan for our discrete innovation variable, it is negative in Nepal.
Lack of complementary factors such as skilled labor affect negatively the innovation intensity, although marginally, in all countries except Bangladesh. However, other constrains such as those related to access to external sources of funding play no significant role. Knowledge spillovers have a positive effect on innovation-induced turnover for leaders, but they are insignificant for laggards. Further, agglomeration or urbanization effects captured by being in a business city is not an important determinant of innovation, with most of the innovation activity occurring outside business cities in Nepal. Demand pull factors, which reflect consumers' willingness to pay a higher price for a constant quantity, are important in explaining innovation-induced sales gains in India, Pakistan and Bangladesh. Although in the latter case, the coefficient is negative, suggesting that firms in Bangladesh that supply more preferred goods have less incentives to introduce technological innovations.
Innovation and productivity in South Asia
Innovation matters for productivity, as evidence shows that technological innovations increase firm performance in the South Asia region. Tables 24 to 26 show individual country estimates of the impact of innovation on productivity. The last stage was not estimated for Pakistan due to sample constrains related to the availability of data on capital for only 120 firms. Specification (1) in each table shows the impact of being successful in introducing a technological innovation. The coefficients for Nepal and Bangladesh are positive, statistically significant, and larger than for OECD countries. In the case of India, the coefficient is positive but not statistically significant. Results for innovation-induced sales are mixed. While in the case of India, the coefficient is positive and statistically significant, the results are not significant for Nepal, and show a negative sign for Bangladesh.
Finally, one additional important finding is that the degree of novelty does not introduce any additional effect on productivity, and the returns are the same as for imitation. Thus, the evidence suggests that there are positive returns to imitation in South Asia, mostly coming from very incremental innovations in Bangladesh and India. But radical innovations do not increase firm performance above what imitation can make a firm gain. The results discussed so far are robust to alternative methodologies. Given the fact that the GSEM methodology is more robust with large samples and well specified models, we also estimate the same models using three-stage least squares (3sls). One disadvantage of this methodology is that it uses the sample of the stage with lower number of estimates and also does not allow for a mixed process, since all the stages have to be estimated linearly. On the other hand, one advantage is that it is computationally less demanding than FIML and still addresses the issue of endogeneity instrumenting at each stage. The results for the returns to innovation, although larger in size to GSEM, are identical in terms of statistical significance. 
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Conclusions
This paper describes and benchmarks innovation activities for a sample of countries in the South Asia region, as well as the impact of these activities on firm-level productivity. Overall, the evidence compiled in this paper suggests that countries in the South Asia region can be divided into two groups, both in terms of the magnitude and composition of the innovation activities: leaders (Bangladesh and India) and laggards (Nepal and Pakistan). Leaders present higher rates of innovation activities than laggards and focus more on process innovation than product innovation. Also, differences across-firms within all countries tend to present similar patterns when considering both leaders and laggards; with the acquisition of knowledge capital (e.g., R&D, investments in equipment, training) highly concentrated in few firms, and mature, exporter, and foreign-owned firms as the most innovative of the region.
Despite the high innovation rates observed for leaders, their innovations show little degree of novelty or innovativeness, as most of them are associated with the imitation of existing products and/or processes and, therefore, the introduction of products and processes that are new only to the firm. Quality upgrading or vertical innovations are the focus of firm-level innovation in South Asia. Most of the firms in the region tend to innovate for upgrading the quality of their products; except for those located in India, where horizontal innovations or the introduction of new products is slightly more frequent. Further, there are agglomeration effects, as large cities-those characterized by more than 1 million population-display a larger proportion of innovative firms in the region.
Finally, evidence on the links between innovation and productivity shows that innovation matters for firm performance. However, most of the gains are obtained through incremental innovations, which are related to the imitation of existing products/processes. Also, it is important to stress that at least for Nepal and India ICT has a positive impact on productivity acting as an innovation enabler.
The policy implications of these findings are important since the results suggest that different approaches to innovation policy are needed across the two groups of countries. For leaders, the critical challenge is how to improve the novelty and radicalness of their innovations. Here, a focus on enhancing complementary factors -skills and finance -but more importantly breaking the nature of inward innovation development by supporting cooperation with other firms and institutions is warranted. On the other hand, for laggards the policy focus needs to concentrate on increasing the number of firms doing any incremental innovation.
To conclude, it is important to emphasize that similarly to the findings for OECD countries, the results support the important role that innovation has for productivity growth, especially in India.
